The human gut is the densest microbial habitat known, containing trillions of microorganisms (bacteria, phages or bacterial viruses, viruses, fungi, etc.) . These microbes are not pathogens or quiescent bystanders, but contribute to immune modulation, pathogen protection, food digestion, and synthesis of vitamins, among other functions. In return, the gut provides the resources that microbes need to thrive and it shapes the ability of host and their microbes to coexist (Mirzaei and Maurice, 2017) . Bacteria and bacteriophages are present in the gut at an approximate ratio of 1:1, and with a total abundance of about 10e13, they match the number of human cells by a 1:1 ratio (Sender et al., 2016; Mirzaei and Maurice, 2017) . However, the role of bacteriophages (or phages) in the gut is largely unexplored relative to what we know about bacteria. Phages may regulate bacterial physiology, diversity, and abundance in the gut, as they do in other ecosystems, thereby influencing our health (Mirzaei and Maurice, 2017) .
Phages owe their specificity to a key and lock interaction mechanism between the phage's tail fibers and their cognate bacterial surface receptors. Phage tail fibers, an appendant of the tail, are responsible for the recognition of and binding to the bacterial host. Without specific receptors on the host cell surface, a phage fails to adsorb (Samson et al., 2013) . To avoid phage infection and killing of the cell, there is a selective pressure for the bacterium to alter its receptors, and subsequently for the phage to modify its tail fibers (Samson et al., 2013) . Phages show great genetic diversity, which helps them adapt to new environments and to new hosts. To generate diversity, phages can use genetic rearrangement via mutation and recombination with other phage genomes, bacterial DNA, or plasmids (Weitz et al., 2005; Samson et al., 2013) . Antagonistic co-evolution of phages and bacteria is also a driving force for the molecular evolution and genetic diversity of both. Under the ongoing selection for adaptation (in phages) and counter-adaptation (in bacteria), the most rapidly evolving genes are infection-related genes in phages (e.g., tail fibers) and resistance genes in bacteria (Paterson et al., 2010) .
The specific host range (all bacteria that a phage can infect) of phages is forged out of the evolutionary back and forth between phages and bacteria (Hyman and Abedon, 2010). Understanding phage host range is an important step in understanding phage-bacteria interactions, but this is met with challenges in experimental studies. Recent newly developed techniques such as metagenomics have predicted a broad taxonomic host range (i.e., across different phyla) for some phages (Paez-Espino et al., 2016) , going against the common long-held belief that phages are specific to closely related bacterial hosts. Phages can change or extend their host range by inducing point mutations of the tail fiber or by recombining with prophage sequences within the bacterial host genome, as is well documented in coli and lactococcal phages (Samson et al., 2013) . Although host change or extension may come with a fitness cost, the advantages for phages are huge: a lower competition over resources, a greater ease of finding and infecting new hosts, and potentially better ones (Heineman et al., 2008) . Host change is well documented in eukaryotic viruses. In fact, the emergence of many viral diseases is due to viruses changing from their original host to a new host species (Longdon et al., 2014) . In some cases, intermediate hosts play a central role in the transmission of viruses to a new host (e.g., chimpanzee for HIV and swine for the emergence of human influenza). These intermediate hosts help viruses adapt to the new host by facilitating their genetic re-assortment (e.g., HIV is the result of the recombination of two different SIVs in chimpanzees) (Longdon et al., 2014) ; however, this type of information is missing with phages.
As coevolution can stimulate the diversity of phage infectivity (Paterson et al., 2010) , De Sordi et al. hypothesized that the bacterial diversity of the gut would push for a host change in phages. They used comparative population genomics to study the interactions between a virulent phage (P10), its bacterial host, and a bacterial strain resistant to P10, both in vitro using liquid cultures and in vivo, in the mouse gut. They observed that phage P10 requires the help of an intermediate bacterial host found in the mouse gut to adapt to the previously resistant bacterial strain, which could help to understand some of the underlying processes behind phage persistence in the gut. By combining computational and experimental analysis, they show that a single point mutation (A > G) at position 55079 (at 100% frequency) of the phage's tail fiber gene was enough to adapt to the new bacterial host (Figure 1 ). Furthermore, they found an uncommon intragenomic recombination at the tail fiber region of the adapted phages. This is an exciting and novel finding, as further studying this recombination process and its frequency in phage genomes could shed some light on the evolution of phages in complex ecosystems such as the human gut. As De Sordi et al. (2017) observed a host jump within the same bacterial species, one question that remains to be answered is whether intermediate hosts can facilitate the phage's jump to a new host class, as they do in eukaryotic viruses. From what is known of eukaryotic virus host jumps, adaptation of phages to a different class of bacteria could dramatically change phage-bacteria community dynamics. Adapted phages could limit the density of a different taxon or even target multiple taxa and reduce bacterial diversity similar to antibiotics. In addition, the authors observed that the adaptation process differently affects phage P10 variants: some variants showed a narrower host range compared to the wild-type strain, while others had a broader host range, confirming that the heterogeneity in the viral population increases their ability to adapt to new environments.
SNP analysis allowed De Sordi et al. (2017) to find that the mutation patterns are different when phage P10 replicates in vitro relative to in vivo. In vitro, they observed more mutations in genes involved in nucleic acid metabolism, whereas the mutations were mostly detected in the tail fiber genes in vivo. Going forward, several questions remain to be pursued: are the differences between the in vitro and in vivo responses due to phage adaptation to a more complex environment such as the mouse gut? Are tail fibers the mutation hotspot of gut phages in active interaction with their bacterial hosts? And can mutation analysis of phages' tail fiber regions be prospectively used to improve our understanding of phage-bacteria interactions in the human gut?
Owing to the limitations of sequence-based approaches, the ecology of gut phages has remained dark matter. As phages could serve as a potent tool to restore a healthy gut microbiota, more experimental approaches like those used by De Sordi et al. (2017) are needed to shed light on the role of phages in the etiology of dysbiosis and hopefully lead the way to improve human health using phages. Sender, R., Fuchs, S., and Milo, R. (2016) . Are we really vastly outnumbered? Revisiting the ratio of bacterial to host cells in humans. Cell 164, 337-340. Weitz, J.S., Hartman, H., and Levin, S.A. (2005) . Coevolutionary arms races between bacteria and bacteriophage. Proc. Natl. Acad. Sci. USA 102, 9535-9540.
Figure 1. Transmission of a Phage to a New Bacterium Mediated by an Intermediate Host
A point mutation that changes adenine (blue) to guanine (green) in the phage tail fiber region facilitates the adaptation of the phage to a new bacterial host. In step 1, phages with adenine on their tail fiber are released from the original bacterial host in blue. These phages then infect the intermediate bacterial host (gray), where the adenine to guanine mutation takes place (step 2), allowing these modified phages to infect the new bacterial hosts that were initially resistant (brown).
